We propose a combination of a modified Wide-Fast-Deep survey, a mini-survey of the South Celestial Pole, and a Deep Drilling-style survey to produce a 3-D map of the Magellanic System and to provide a detailed census of the transient and variable populations in the Clouds. We support modifying the Wide-Fast-Deep survey to cover the declination range −72.25 deg < Dec < 12.4 deg and the Galactic latitude range |b| > 15 deg, as proposed in a separate white paper. We additionally propose a minisurvey covering the 950deg 2 with Dec < −72.25 in ugriz to the standard LSST singleexposure depth and with 40 visits per filter per field. Finally, we propose a mini-survey covering ∼ 100 deg 2 of the main bodies of the Clouds with twelve total pointings, 2000 total visits per field, and shorter exposure time.
Scientific Motivation
The Magellanic Clouds (MCs) have always had outsized importance for astrophysics. They are critical steps in the cosmological distance ladder, they are a binary galaxy system with a unique interaction history, and they are laboratories for studying all manner of astrophysical phenomena, giving us front-row seats to observe the life cycles of galaxies. They are often used as jumping-off points for investigations of much larger scope and scale; examples are the searches for extragalactic supernovae prompted by the explosion of SN1987A and the dark matter searches through the technique of gravitational microlensing.
LSST has a unique role to play in surveys of the Clouds. First, its large AΩ will probe the thousands of square degrees that comprise the extended periphery of the Magellanic Clouds with unprecedented completeness and depth, allowing us to detect and map their extended disks, stellar halos, and debris from interactions with high fidelity. Second, the ability of LSST to map the entire main bodies in only a few pointings will allow us to identify and classify their extensive variable source populations with high time and areal coverage, discovering, for example, extragalactic planets, rare variables and transients, and light echoes from explosive events that occurred thousands of years ago. History has shown that discoveries made in the Clouds often have highly interconnected dependencies, such that the topics above will likely feed on each other in unexpected ways. Surveys such as the Dark Energy Survey (DES) and Gaia have delivered surprising new results but also shown how much remains to be discovered in the environs of the Clouds.
A 3-D Map of the Magellanic System
Over the past decade, our view of the MCs has changed substantially. We now have evidence that they fell into our Galaxy's halo only recently [5] , that they have a satellite galaxy system of their own ( [1, 6] ; Fig.1 ), and that their binary interaction has produced a field of stellar debris spreading over at least a 20 degree radius from their centers ( [15, 9, 11, 2] ; Fig. 2 ). These discoveries increase the relevance of the MCs to the study of the Milky Way and galaxy formation and evolution generally, as they are probes of the effects of interactions on galaxy structure and star formation, of galaxy host properties on their satellite populations, and of group infall on the galaxies themselves and on the Milky Way system.
LSST has the opportunity to provide the ultimate map of the extent and structure of the Magellanic system. Our current maps are based on complete surveys of relatively rare red giant tracers or on partially filled surveys of the much more numerous main sequence turnoff (MSTO) stars, down to depths of r ∼24. With photometry from image stacks as faint as r ∼ 27, LSST will be able to detect extremely low surface brightness structure and dwarf companions of the MCs. From single-epoch photometry curves, LSST will detect both RR Lyrae and δ Scuti variables associated with this structure, giving us a 3D map of the MCs, their surroundings, and their satellite populations. Moreover, LSST's multiband coverage will characterize the ages and metallicities of these stellar populations, for the clearest possible view of the Magellanic system and its relationship to the Milky Way.
A Detailed Census of Variables and Transients
The main bodies of the MCs are hosts to a huge range of variables and transients, all with approximately the same distance, low foreground extinction, and low metallicity, making them obvious targets for collecting large statistical samples of known phenomena and for exploring the unknown. With LSST we will:
• Obtain light curves and periods of the full range of variable objects, including regularly variable objects down to M V =6.5, irregular variables, and eruptive and flaring objects, probing both the physics of the variable populations and the 3D structure of the Clouds;
• Observe light echoes from past supernovae and other explosive events, probing the physics of explosions through the study of their original light (e.g. [13] );
• Use interstellar scintillation from turbulent gas clouds along the line of sight to probe otherwise invisible baryonic matter [10] ;
• View giant planet transits of stars in the LMC, probing planet formation in a low metallicity galaxy [7] ;
• Observe microlensing events from compact objects in the MCs and Galactic halo, with sensitivity to a wide spectrum of lens masses, including black holes
The science that can be done with this sample will be fundamental, will help to be build a complete and consistent picture of the Clouds as galaxies, and provide a touchstone for interpretation of all variables and transients discovered by LSST. For example, eclipsing binaries will allow measurement of fundamental parameters of the stars and enable an independent age constraint for interpretation of star formation histories. Detection of outbursts in cataclysmic variables and AM CVn objects can delineate the correct space densities to compare with close-binary evolution models. The optical variability of super soft sources provides clues to the nature of the accreting objects as white dwarfs or black holes. Determining the flare characteristics of a large number of stars will advance our understanding of the differences between solar and stellar flares. Identifying pulsating white dwarfs provides information on the cooling curves of H, He white dwarfs, allowing a comparison of the IMF across a range of metallicities. Identification of δScuti and γ Dor variables will provide a check on the unstable stellar evolution regions in 1.3-2.5 M stars. The timescale of variability of these objects span the full spectrum from 30 seconds to 10 years, and require the depth, area, and temporal coverage that only LSST can provide. Finally, the large number of observing opportunities provided by LSST will allow us to produce the highest resolution complete optical map of the Magellanic Clouds ever made. Images taken of the main bodies of the MCs are ultimately confusion-limited. A 0.4 arcsec resolution map of the MCs would be two magnitudes deeper than existing ∼1 arcsec maps. Such a map would have great legacy value for pinpointing the progenitors of variable and transient objects, for studying the star formation history of the MCs, and as a reference for future surveys. [2] ) show that substructure from the Magellanic Clouds extends over a vast area. Overlaid are fields observed by the DECam-based SMASH survey (shaded hexagons), color-coded by the density of MSTO stars [11] , as well as our proposed LSST pointings (WFD: yellow; SCP: purple; MC main body fields: green) and the DES footprint (hatched area). MSTO stars are ∼50× more numerous than RGB stars, making them powerful tracers of low surface brightness structure. The panel on the left shows a CMD from one SMASH field, where MSTO stars from the LMC are seen projected against the Galactic foreground. In the WFD area, the LSST map will be >3 magnitudes deeper, while in the SCP area it will be 2 magnitudes deeper. In the main body fields we will observe variability on all timescales, from 30 seconds to 10 years.
Technical Description

High-level description
We propose a combination of a modified Wide-Fast-Deep survey, a mini-survey of the South Celestial Pole, and a Deep Drilling-style survey to meet the goals of LSST Magellanic Clouds science. In summary:
• We propose to adopt the main survey plan and WFD footprint advocated by the "Big Sky" (Olsen et al.) white paper, where WFD is defined as the declination range −72.25 deg < Dec < 12.4 deg and the Galactic latitude range |b| > 15 deg. This extends the WFD survey to the MCs and much of their periphery, with 825 total visits per field, and provides for an average of ∼ 250 visits per field for non-WFD parts of the sky as part of the main survey. We have no strong constraints on the cadence for WFD, other than that it should allow for measurement of proper motions over the full 10-year baseline and should allow for the identification and period measurement of RR Lyrae stars.
• We propose covering the 950deg 2 (113 fields) around the SCP with Dec < −72.25 deg in ugriz (no y) to the standard LSST single-exposure depth and with 40 visits per filter per field (for a total of 200 visits per field), yielding stacked depths of (ugriz) = (25.6, 26.8, 26.4, 25.8, 24.9), or 2 mags deeper than single epoch depth. The cadence constraints are the same as for WFD above. Under our plan, these visits come as part of the main survey, in which all non-WFD fields receive a baseline of 250 visits per field. By using only 200 visits per field for the SCP, we leave 50 visits×113 fields = ∼6100 visits to use for the MC main bodies (see next item), all within the main survey budget.
• We propose a deep drilling-style survey covering the main bodies of the Clouds with twelve total pointings and ∼2000 total visits per field to be completed in 10 years. The cadence of these observations is described in detail below. The visit budget for these fields breaks down as: 825 visits from WFD, (6100/12)=508 visits taken from SCP, and 667 visits per field from the 10% of the survey time reserved for Deep Drilling and mini-surveys. Given that 10% of the visits is ∼260,000, this means that the MC main body deep-drilling survey uses only (667×12)/260000=3% of the time available for Deep Drilling and mini-surveys.
Footprint -pointings, regions and/or constraints
As described above, our proposed footprint includes:
• WFD defined as −72.25 deg < Dec < 12.4 deg and |b| > 15 deg 
Image quality
One of the byproducts of the MC main body portion of the survey will be a deep, confusionlimited image of the Clouds, which will be important for establishing the mean luminosity of variable objects and as an LSST legacy data product. For this, we require that a small number of visits (3 per field for a total of 36 visits) be taken in the best possible seeing conditions, which we estimate to be ∼0.4 arcsec, and which will yield a confusion limit 2 mags deeper than under 1 arcsec seeing. Fig. 3 illustrates the confusion limit in r, at which photometric errors become larger than 0.1 mag for a seeing of 0.4 arcsec. Such magnitudes are deep enough to reach the oldest main-sequence turn-offs across most of the MC system, being limited (down to the ∼ 4-Gyr turn-off) only in the densest parts of the LMC and SMC bars.
Individual image depth and/or sky brightness
For the WFD and SCP portions of the survey, we request 30-second single-snap visits, achieving approximate depths of (ugrizy) = (23.98, 24.91, 24.42, 23.97, 23.38, 22.47). For the SCP survey, we do not request the y filter. For the MC main body observations, we request 15-second exposures to limit saturation and to meet the demands of the cadence (see below). 
Co-added image depth and/or total number of visits
The visits and depths in the table below are only approximate, and do not include y-band, for which we have no strong constraint. For the detection of dwarf companions and Milky Way/MC structure in the WFD and SCP surveys, the depths are driven by the desire to detect faint main sequence turnoff stars in gri and to use uz for star/galaxy separation and for stellar metallicities. For the MC main body survey, the visits are driven by the desire to maximize the number of epochs for interstellar scintillation (which will be done in g), epochs for variables (done mainly in gri) and the static Legacy survey of the Clouds (to be done in all bands to the confusion limit). 1) The need for rapid timescale observations is driven by the interstellar scintillation experiment, which aims to measure the presence of turbulent interstellar gas clouds down to optical depths of 10 −6 [10] . The timescale of the scintillation is a few minutes, and is best detected with a campaign of continuous 15-second exposures in g. We will use 1000 total visits in g to measure this signal and to measure short-period variables such as δ Scuti, SX Phoenicis stars, and white dwarf pulsators. In order to avoid aliasing on day timescales, we will split the campaign into two groups separated by a few months. 2) For periodic variables, we will use 300 visits in each of gri to measure their light curves. We propose a logarithmically spaced cadence in which we use a quarter of the visits each year, starting with 75 in the first year and finishing with ∼ 20 in the last year. We have no strong constraint on the concurrence of observations in different filters. 3) Longer timescale transients, such as light echoes (∼weeks) and microlensing from potential stellar mass black holes (∼months) will be served well by the same cadence as the periodic variables.
Filter choice
For the SCP mini-survey, we exclude y. We include y in the MC Main Body survey for the purpose of producing a legacy image of the Clouds.
Exposure constraints
For the WFD and SCP surveys, we desire 30-second visits with single snaps. For the MC Main Body survey, we adopt 15-second exposures in order to sample rapid timescale variability and to limit saturation.
Other constraints
No other constraints.
Estimated time requirement
The survey proposed here relies almost entirely on the reconfiguration of the main survey proposed by the "Big Sky" (Olsen et al.) white paper, and thus fits within the 90% time assigned to the main survey. For the MC Main Body portion of the survey, aimed at observing the Clouds in the time domain, we request 667×12=8004 15-second visits, or 33 hours of exposure time. These would all be done in the g filter, and would be done in campaign mode, such that overheads will be a small fraction of the total time.
Properties Importance 4. For the WFD and SCP areas, which mainly rely on the static depth, real-time exposure time adjustment could benefit the science.
Performance Evaluation
The main metric for this proposal is:
• The total number of visits with Dec< 60 deg in the WFD and SCP areas, and the total number of visits spent on 12 fields covering the Magellanic Cloud main bodies.
Further optimization can be obtained by considering the following metrics:
• For the detection of Magellanic Cloud structure and dwarf companions in the WFD and SCP areas, a metric is the number of such objects that can be detected. This number is proportional to area, and depends on depth through the stellar luminosity function for the streams and dwarfs, the foreground contamination, the background galaxy contamination, and the integrated luminosity function of the streams and dwarfs. One could also account for the ability to use proper motions to remove contamination. Such a quantitative metric needs further work and testing, which will make use of the simulated LSST catalog developed by co-author Girardi and available through the NOAO Data Lab. To estimate the effect of the ∼ 1mag shallower depth in the SCP region compared to WFD, we can use the stellar luminosity function of an old (10 Gyr), metal-poor ([M/H]=-1.5) population at 50 kpc as a guide. There are ∼ 2× more stars in such a population for r < 27.2 (WFD) than for r < 26.4 (SCP), which translates to a factor of √ 2 in S/N of candidate object detections.
• For the variable population measured in the MC Main Body survey, the specific metrics contained in the WPs by Street et al., Bell and Lund, Bell and Hermes, and Clementini and Musella will apply. This includes using the UniformityMetric, CampaignLengthMetric, IntervalsBetweenObs, PeriodicStarMetric as well as the aliasing strength MAF developed by [8] .
• For the Legacy MC Main Body Image, CrowdingMetric applies. As a rule of thumb, the confusion limit will increase by 0.75 mag for a factor 2 increase in best image quality above 0.4 arcsec.
Special Data Processing
The standard LSST pipeline should be sufficient to process the data requested in this proposal.
